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Abstract 
 
The scattered nature of information requires implementation of appropriate tools and system solutions. The conception of decentralized 
diagnostic system of casting metal defects, in which the methods of concept classification in the form of ontology are used, has been 
presented in the article. Also, the general rules of ontology creation, model division into modules, the hierarchy of classes and their 
instances have been introduced. There has been provided an example of ontology construction for casting defects.  
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1. Introduction 
 
The definition of defect is strictly connected with the 
production of casting products. The presence of defects exposes 
foundries to the risk of incurring serious expenses, and this is the 
main reason why their elimination right in the casting process is 
extremely important. The conduct of technology process requires 
detection and defining of defects’ types and establishment of the 
causes why they appear in order to prevent them form further 
creation. In such processes, the methods of artificial intelligence, 
which support the decision-making and make use of a knowledge 
base specially created to this end, are used very often. Intelligence 
knowledge base provides various kinds of presentation and 
exchange of data and technological knowledge. The knowledge 
comprised in these systems offers handy tools which, on one 
hand, prevent these defects from being formed, while, on the 
other, help to eliminate them if eventually they do happen to 
occur. 
 
2. Knowledge representation of casting 
defects 
 
While creating a knowledge base, it is important to make 
an appropriate selection of formalism for its representation.   
The classification of knowledge representation methods has been 
presented in the picture no. 1. [1, 2] 
This article presents the stages of ontology system building in 
the form of knowledge base. The system is thought to contribute 
to more efficient detection of causes of defect creation and thus to 
improvement of product quality and production efficiency. 
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Methods of knowledge representation: 
Graphs and 
networks: 
Logical  formulas: 
 Fuzzy Logic 
 Rough Logics 
Matrix and 
arrays: 
Heuristic 
models: 
 Semantic 
webs, 
 Ontologies 
 Knowledge 
graphs 
 Non-Classical 
Logics: 
- Modal Logic 
- Temporal Logic 
- Default Logic 
 Classical Logics: 
- Statements, 
predicates 
- Binary Logic 
- Multi-valued Logic 
 
 Vectors and 
knowledge 
matrix 
 Frames 
 Genetic 
algorithms 
 neural network 
 Automation and 
Computing 
models 
Fig. 1. The classification of knowledge representation methods. 
 
3. Ontology 
 
Ontologies are formal and popular way of description 
of knowledge model. The term ontology is rooted in philosophy. 
In the context of information technology, it appears in 1967 in 
S. H. Mealy's studies about data modeling. However, it does not 
gain ground until the demand for exchanging information via 
Internet has significantly increased. According to S. H. Mealy, 
ontology deals with representation and description of that “what 
exists” in reality, in people’s mind and is written by means of 
different symbols. Ontology always attempts to describe a certain 
fragment of reality which is more or less defined. The ontology 
definition in the field of information technology, which is 
currently considered as the classical one and simultaneously being 
the most often quoted by famous scientists, was introduced in 
1993 by Gruber: “An ontology is an explicit specification 
of a conceptualization” [3, 4, 5]. The ontology conception by 
A. Meadche[6] is based on the definition of ontology structure 
and lexicon. Its basic elements are definitions (equivalent to 
classes) describing the  group of objects with similar 
characteristics. The ontology structure defining definitions and 
relations between them can be written as follows[6]: 
 
O={C, R, Hc, rel, A}   (1) 
 
where: 
C is a set of all concepts used in the model. 
R is a set of non-taxonomic relations (called properties, slots, 
roles) defined as a named connection between the concepts. 
Hc is a set of taxonomic relations between the concepts. 
Rel are defined non-taxonomic relations between the concepts. 
A is a set of axioms. 
 
Lexicon contains  interpretations of concept comprehension and 
relations between them: 
 
L={Lc, Lr, F,G}   (2) 
 
where: 
Lc- lexicon definition for the set of concepts. 
Lr- lexicon definition for the set of relations. 
F- references to the concepts. 
G- references to the relations. 
 
To satisfy the need for diagnosis of casting defects, 
the ontology system using the Protege 2000 editor has been 
created. It is a free open source program. It is an application 
supporting creation of knowledge bases, also appropriate to 
ontology edition and gaining knowledge from experts.  
Two autonomous editors of the Protégé platform, the Protégé-
Frames and Protégé-OWL, make it possible to use two types 
of knowledge representation. 
 Protégé ontologies can be exported into a variety of formats 
including RDF(S), OWL, and XML Schema. 
Protégé is based on Java, is extensible, and provides a plug-
and-play environment that makes it a flexible base for rapid 
prototyping and application development. There is a possibility of 
expanding the application through creating plugs and ontologies 
self-dependently. [7] 
The knowledge model which is most often used for ontology 
creation is based on frames which are the basis of construction 
of ontology blocks. The knowledge model can make use of 
several types of frames: classes, slots and instances. Classes 
define a new ontology. Instances are elements of that set. Classes 
can have a hierarchical structure. Slots make possible to define 
not only particular properties of the classes, but also relations 
between them. Together  with a set of individual instances 
of classes (concepts), ontologies constitute a knowledge base. 
The main class in the created ontology system are defects. 
This class consists of four basic subclasses: 
•  defects of shape, 
•  defects of surface, 
•  defects of inner, 
•  damages of continuity. 
 
Defects have been subordinated to each of these subclasses on 
the basis of causes of their appearance. Division of the class 
“Defects” into subclasses and subordination of defects to each 
of these subclasses have has been presented in the picture no. 2. 
 
 
Fig. 2. Hierarchy of the classes “Defects” presented with the aid 
of plugin TGVizTab 
 
Each defect has been characterized by the following slots: 
•  defect name translated into English, 
•  defect description in Polish,  
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•  defect symbol -  a sign by which the defect has been 
defined (e.g. W101 represents the defect called 
mechanical damage; this symbol is used in Polish 
Standards for Cast Defects) [8], 
•  cause of defect creation which contains a description 
of potential reasons why a certain defect may appear, 
•  method of defect diagnosis which covers hints about how 
to recognize a defect, whether it is possible to diagnose a 
defect with the naked eye or only by making a specialist 
examination, 
•  defect picture is a kind of slot where you can see 
a picture of a defect serving as an example.   
 
 
Fig.3. Characteristics of the class “Defects” 
 
In the picture 3., the characteristics of the class “Defects 
of shape” have been presented, where all the slots are inherited 
from the class “Defects”. Slot causes of defects’ creation are 
Instance type, that is object type of the class “Causes”. Filling-out 
the slots with concrete values constitutes instances of a certain 
class. An example of filling-out the slots of the defect called “gas 
cavity (blowhole)” has been presented in the picture no. 4. 
The characteristics of this defect have been described in the 
appropriate slots. 
 
 
Fig. 4. Instance of the class W-401 
 
Finished ontologies can be published as HTML documents. See 
the picture no.5.  
 
 
Fig. 5. An example of document published in the HTML standard 
 
As you can see in the picture no.6., such a defect presentation 
makes it possible to define which of these defects have been 
created in a given production process. Continuation of work in 
this field leads to creation of a rule-based expert system on the 
basis of the introduced knowledge. 
 
 
Fig. 6. An example of a question 
 
The picture no. 6. shows the sorting of defects depending on 
the cause of their appearance. In the example, all the defects have 
been displayed, in which in the slot “Defect cause” you can find 
a statement that the cause of defect appearance is insufficient 
degassing. On this basis, it is possible to create a rule for the 
expert system, in which the user will find information on what 
kind of defect may appear in the casting, if the cause “insufficient 
degassing” comes into existence. 
If insufficient degassing then external gas cavity (blowhole) or 
pinholes or gas cavity (blowhole) or porosity  
 
 
Fig. 7. An example of the test expert system 
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4. Conclusions 
 
In the article, the way of procedure leading to creation of the 
system supporting knowledge management has been presented. 
Proposed methodology provides concrete material for engineers   
planning technological process of hardware production. The main 
engineer or project manager receives support in the form of ready 
class descriptions, roles and relations between them while planning 
technological process. Within the framework of further research it is 
expected to supplement the missing fragments of knowledge. 
Consequently, the creation of informative and diagnostic system 
oriented towards the needs of quality improvement of casting 
products is anticipated. Supplementary research will be aiming at 
going into more detailed description of some knowledge fragments 
e. g. in case of a cause of defect appearance “insufficient mass 
humidification” the slots will be divided into smaller parts called 
facets which will answer the question whether insufficient mass 
humidification concerns the whole mass or just a part of it. 
The aim of this article was to present the ontology as a modern 
formalism of knowledge representation and programming tools 
which make its creation possible. Constructed ontology of casting 
defects will be used as a significant element of diagnostic system 
facilitating the technologists comprehension of cause-result 
connections which appear in the technological process and in 
consequence improvement of the process efficiency. 
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